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Supplement Figure 1. Number of peer-reviewed articles published per 5-year bin on olfactory spatial memory.
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Supplement Table 1. Terms used in the search strategy and in defining inclusion and exclusion criteria,
presented in the PICO framework. Note that the “Comparison” column is empty, as limiting the review to
comparisons between senses was not the purpose of this systematic review.

Population

Adult population
Healthy adults

Healthy human subjects
Non-clinical adults
Normal adults

Young adults

Intervention

Aroma

Fragrance

Odor

Olfaction

Olfactory cue
Olfactory function
Olfactory information
Olfactory perception
Olfactory sensation
Olfactory sense
Olfactory signal
Olfactory stimulus
Scent

Sense of smell

Smell

Comparison

Outcome

Allocentric memory
Contextual memory
Cognitive mapping
Environmental memory
Location memory
Navigation memory
Object location association
Object location memory
Object-location association
Object-location memory
Object place association
Object place memory
Object-place association
Object-place memory
Place memory

Sensory spatial memory
Spatial learning

Spatial memory

Spatial navigation
Spatial recall

Spatial recognition
Topographical memory
Wayfinding memory



Supplement Table 2. Search strategies for the three databases

Database

PubMed

WoS

Scopus

Search strategy

(AromalTitle/Abstract] OR fragance[Title/Abstract] OR odor|[Title/Abstract] OR
odour|[Title/Abstract] OR olfaction[Title/Abstract] OR "olfactory cue"[Title/Abstract] OR
"olfactory function"[Title/Abstract] OR "olfactory information"[Title/Abstract] OR "olfactory
perception"[Title/Abstract] OR "olfactory sensation"[Title/Abstract] OR "Olfactory
sense"[Title/Abstract] OR "olfactory signal"[Title/Abstract] OR "olfactory
stimulus"[Title/Abstract] OR scent[Title/Abstract] OR "sense of smell"[Title/Abstract] OR
Smell[Title/Abstract]) AND ("allocentric memory"[Title/Abstract] OR "contextual
memory"[Title/Abstract] OR " cognitive mapping"[Title/Abstract] OR "environmental
memory"[Title/Abstract] OR "location memory"[Title/Abstract] OR "Navigation
memory"[Title/Abstract] OR "object location association"[Title/Abstract] OR "object location
memory"[Title/Abstract] OR "object*location association"[Title/Abstract] OR "object*location
memory"[Title/Abstract] OR "object*place association"[Title/Abstract] OR "object*place
memory"[Title/Abstract] OR "Place memory"[Title/Abstract] OR "Sensory spatial
memory"[Title/Abstract] OR "Spatial learning"[Title/Abstract] OR "Spatial
memory"[Title/Abstract] OR "Spatial navigation"[Title/Abstract] OR "Spatial
recall"[Title/Abstract] OR "Spatial recognition"[Title/Abstract] OR "Topographical
memory"[Title/Abstract] OR "Wayfinding memory"[Title/Abstract])

(TS=(Aroma OR fragance OR odor OR odour OR olfaction OR "olfactory cue" OR "olfactory
function" OR "olfactory information" OR "olfactory perception” OR "olfactory sensation" OR
"Olfactory sense" OR "olfactory signal" OR "olfactory stimulus" OR scent OR "sense of smell"
OR Smell)) AND TS=("allocentric memory" OR "contextual memory" OR " cognitive mapping"
OR "environmental memory" OR "location memory" OR "Navigation memory" OR "object
location association" OR "object location memory" OR "object*location association" OR
"object*location memory" OR "object*place association" OR "object*place memory" OR
"Place memory" OR "Sensory spatial memory" OR "Spatial learning" OR "Spatial memory" OR
"Spatial navigation" OR "Spatial recall" OR "Spatial recognition" OR "Topographical memory"
OR "Wayfinding memory") and English (Languages) and Article (Document Types)

( TITLE-ABS ( Aroma OR fragance OR odor OR odour OR olfaction OR "olfactory cue" OR
"olfactory function" OR "olfactory information" OR "olfactory perception" OR "olfactory
sensation" OR "Olfactory sense" OR "olfactory signal" OR "olfactory stimulus" OR scent OR
"sense of smell" OR Smell ) ) AND ( TITLE-ABS ("allocentric memory" OR "contextual
memory" OR " cognitive mapping" OR "environmental memory" OR "location memory" OR
"Navigation memory" OR "object location association" OR "object location memory" OR
"object*location association" OR "object*location memory" OR "object*place association" OR
"object*place memory" OR "Place memory" OR "Sensory spatial memory" OR "Spatial
learning" OR "Spatial memory" OR "Spatial navigation" OR "Spatial recall" OR "Spatial
recognition" OR "Topographical memory" OR "Wayfinding memory" ) ) AND ( LIMIT-TO (
LANGUAGE , "English" ) ) AND ( LIMIT-TO ( DOCTYPE, "ar" ) )



Supplement Table 3. List of studies included in the systematic review with indication whether they were found
in the original search or by reference tracking.

Study Identification through...

1. Arena & Hamburger, 2023 Reference tracking

2. Brunner, et al., 2015 Original search

3. Brinner, et al., 2016 Original search

4. de Vries, de Vet, et al., 2020 Original search

5. de Vries, Morquecho-Campos, et al., 2020 Original search

6. Gilbert etal., 2008 Original search

7. Goodrich-Hunsaker et al., 2009 Original search

8. Hamburger & Knauff, 2019 Original search

9. Invitto et al., 2022 Original search

10. Jacobs et al., 2015 Original search

11. Olofsson et al., 2017 Reference tracking

12. Olofsson et al., 2020 Original search

13. Plailly et al., 2019 Original search

14. Ponce et al., 2024 Original search

15. Raithel et al., 2023 Original search

16. Rey et al., 2023 Reference tracking

17. Saive et al., 2013 Original search

18. Saive et al., 2014 Reference tracking

19. Saive et al., 2015 Reference tracking

20. Schifferstein et al., 2009 Original search

21. Schwarz & Hamburger, 2023a Reference tracking

22. Schwarz & Hamburger, 2023b Reference tracking

Authors own empirical study published

23. Szychowska et al., 2025 during peer-review process of this

systematic review

24. Takahashi, 2003 Reference tracking
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Supplement Table 4. List of studies excluded during full-text screening, together with the exclusion reasons.
Exclusion reason

Study Study design Population Outcome

Barnett, et al., 1999 No olfactory spatial memory task
Beer, et al., 2013 Animal population

Belnoue, et al., 2011 Animal population No olfactory spatial memory task
Dahmani, et al., 2020 No olfactory spatial memory task
Dahmani, et al., 2018 No olfactory spatial memory task
Doty, et al., 2015 No olfactory spatial memory task
Fischler-Ruiz, et al., 2021 Animal population

Kinsley, et al., 2012 Review

Masmudi-Martin, et al., 2019 Animal population

Merhav, et al., 2019 No olfactory spatial memory task
Merhav & Wolbers, 2019 No olfactory spatial memory task
Muller, et al., 2021 No olfactory spatial memory task
Ozturk, et al., 2020 Survey No olfactory spatial memory task
Pacharra, et al., 2016 No olfactory spatial memory task
Pool, et al., 2014 No olfactory spatial memory task
Schroder, et al., 2015 No olfactory spatial memory task
Schwabe, et al., 2009 No olfactory spatial memory task
Shanahan, et al., 2018 No olfactory spatial memory task
Skosnik, et al., 2001 No olfactory spatial memory task
Sun, et al., 2016 Animal population No olfactory spatial memory task
Turetsky, et al., 2003 No olfactory spatial memory task
Zhang, et al., 2015 Animal population No olfactory spatial memory task
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Formulas for pooled mean and SD:

M _ NgMg + npmy

ng + np

(ng— 1)SDZ + (np— 1)SD}

SD =
pooled ng+np -2 ’

where:
ng = size of the first sample,
mq = mean score for the first sample,
SD, = standard deviation score for the first sample,
np = size of the second sample,
mp = mean score for the second sample
SD» = standard deviation score for the second sample.



Supplement Figure 2. Summary of demographic information for individual experimental groups in all studies

and across the studies. First column (left) shows number of participants in individual groups, and median (open
circle), mean and SD across all groups on the bottom. Second column (middle) shows color-coded gender
distribution in individual groups, and averaged across all groups. Third column (right) shows mean, SD (solid
line), and range (dashed line) of participants age in individual groups, and a mean and SD across all studies on

the groups.
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Arena & Hamburger, (2023) visual -

Arena & Hamburger, (2023) olfactory -
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Invitto, et al., (2022) non-athletes -
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Olofsson, et al., (2020) olfactory training -

de Vries, Morquecho-Campos, et al., (2020) olfactory -
de Vries, Morquecho-Campos, et al., (2020) multisensory -
de Vries, de Vet, et al., (2020) visual -

de Vries, de Vet, et al., (2020) olfactory =
Plailly, et al., 2019 -

Hamburger & Knauff, 2019 -

Olofsson, et al., 2017 -

Briinner, et al., 2016 -

Saive, et al., 2015 -

Jacobs, et al., 2015~

Brinner, et al., 2015 =

Saive, et al., 2014 -

Saive, et al., 2013; Study 1-

Saive, et al., (2013; Study 2) odor set 2 -
Saive, et al., (2013; Study 2) odor set 1 -
Schifferstein, et al., (2008) visual -
Schifferstein, et al., (2009) tactile -
Schifferstein, et al., (2009) olfactory -
Schifferstein, et al., (2009) auditory -
Goodrich-Hunsaker, et al., 2009 -

Gilbert, et al., (2008) young adults visual task -
Gilbert, et al., (2008) young adults olfactory task -
Gilbert, et al., (2008) older adults visual task -
Gilbert, et al., (2008) older adults olfactory task -
Takahashi, 2003; Study 2 -

Takahashi, 2003; Study 1-
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Supplement Table 5. Assessment of risk of bias in individual studies, including a summary score (color coded with blue indicating high quality, orange — medium quality, and
red — low quality).
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Briinner et al., 2016

de Vries, de Vet, et al., 2020
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Goodrich-Hunsaker et al., 2009
Hamburger & Knauff, 2019
Invitto et al., 2022

Jacobs et al., 2015

Olofsson et al., 2017

Olofsson et al., 2022

Plailly et al., 2019

Ponce et al., 2024

Raithel et al., 2023

Rey et al., 2023

Saive et al., 2013

Saive et al., 2014

Saive et al., 2015
Schifferstein et al., 2009
Schwarz & Hamburger, 2023a
Schwarz & Hamburger, 2023b
Szychowska et al., 2025
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Supplement Figure 3. Summary of the methods in the studies from the meta-analysis.
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Supplement Table 6. Summary of stimuli types, identifiability, and matching for studies that compared olfactory and visual spatial memory.

Brinner, et
al., 2016

de Vries, de
Vet, et al.,
2020

Gilbert, et al.,
2008

Invitto, et al.,
2022

Olofsson, et
al., 2017
Olofsson, et
al., 2020

Schifferstein,
et al., 2009

Rose, lavender, flower, lilac, violet, geranium,
jasmine, orange, peach, lime, pineapple,
melon, strawberry, plum

Chocolate, caramel, vanilla, apple bake, butter
popcorn, roast beef, roasted peanuts, bacon,
melon, pineapple, pear, blackcurrant,
asparagus, cucumber, tomato, mushroom
Coffee, peppermint, mustard, perfume,
banana, cinnamon, garlic, chocolate, soap,
vanilla, baby powder, vick vapor rub

Solvent, mint, cinnamon, eucalyptus, cloves,
geranium, grass, banana, rose

Not reported

Almond, wild strawberry, liquorice, cardamon,
vanilla, milk and green tea, rose, peppermint,
eucalyptus, lemon, lavender, mango and
passion fruit, coconut, rhubarb, smoke,
cinnamon, coffee, chocolate, ginger, mulberry,
lime, camomile, orange, jasmine

Methyl nonyl ketone, petiole 10%,
jasmopyrane forte, elinthaal 1%, styrallyl

Unclear, but
performance in odor
identification task after
the memory task was
similar to performance
of icon identification
Unclear, not reported

Unclear, not reported

Unclear, participants
asked to label odors
after OCBTT, in SOCBTT
after getting a list of
labels

Unclear, not reported

Unclear, not reported

N; odors chosen for
their low identifiability

Fruity and flowery icons

Food photographs

Hair brush, plastic frog,
stuffed teddy bear,

paintbrush, toy helicopter,

deck of cards, baseball,
calculator, screwdriver,
toy squirt gun, 9-volt
battery, pad lock

Not applicable, no visual
stimuli, just locations of
blocks

Symbols

Symbols coming from
various languages

Shapes

Unclear, but
performance in odor
identification task after
the memory task was
similar to performance
of icon identification

Y

Not applicable

Unclear

N

N; shapes chosen for
their low identifiability

Somewhat (all
fruits and
flowers)

Somewhat (all
food items)

Not applicable

Unclear but most
likely N
N

N (not possible to
match




acetate, cyclamal 10%, cytronellyl acetate, unidentifiable
ionone alpha, gyrane, florocyclene ; alcohol odors and shapes)
C8, ethyl hexanoate, methyl anthranilate 10%,

phenyl ethyl methyl ether 10%, phenyl

acetaldehyde dimethyl acetal 10%, para cresyl

methyl ether, nopylacetate, alicate, anther,

pelargene
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Supplement figure 4. Summary of the odor identifiability as reported in the studies.
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Supplement figure 5. List of the odors reported as difficult to identify (per study and count).
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Supplement figure 6. List of the odors reported as easy to identify (per study and count

Odors reported as easy to identify

Odors in individual studies Number of studies where the odor
was reported as easy to identify
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Supplement figure 7. List of the odors with identifiability not reported (per study and count).

Odors with identifiability not reported

Odors in individual studies
identifiability was not reported

e ca\fagtiﬂg .
S ra\n%er% .
Binnarton -
Hhosome -
rose =

)
<
[¢2)
=
=
1
e oseoo
(XX 1)
00 ( X ]
[ ]
(1) [ ]
00 o0
[ ] 00 o o
o0 o0
[ ] o000
[ ] o000

banhana -
salaml:l> glezz?_:
ail polish -
fresrlw \aucn[c]j:r% ]
CUCUH#Q%'

corree =

e

al 0?10 -
aftershave -
violet -

toma%o-

roasted eanus{-
pe pegml < ° .

5}
o
-
1
o
(1]
(1)
o000

¥
O
1
o
oo oo o
o0

caramel -
baby ik ; X

Odor
o0

. almond -
wild strawrgerr 5

3
.‘5‘.(,,3
'O:m)
D03
30c%a
B |
.
°

ine -
perf8n1aer: x .
peanut bﬂﬁ%-
mustard - [
msulberry - £
milk andgre n terz =
melon cdania oH%e - o
mango and pasFion ruit -
iquorice =

[}
Q)
[}
=
'
[ ]
e & o o0 o0

butter popcorn =
bﬁac cgrraom:

asgdal
e

[ ]
(O YI 0A Y2 T VO VA A W A (O O o T T O (N O VI o Vo O OB O O VI 0 07 VB O O O v i O W O O O VO e i WO W O 0 0 D W O A O 0 13 T Y O O 0 0 |

é;
25 .
09""
%
VD

%
ra

Number of studies where the odor

~

w

o -

e}

©=-



